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(54) LIGHTWEIGHT MATERIAL BONDED WITH PLASTIC, ITS MANUFACTURING METHOD, 
AND COMPOSITE MATERIAL USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To mass-produce a structural material with lightweight having a 
high strength and ductility, which is used for structural members of automobile such as chassis 
parts, etc., building industry and mechanical engineering. 

SOLUTION: The material contains lightweight fine particles (specifically mineral-based foamed 
fine particles) and an organic binder, where the volume percentage of lightweight fine particles 
is at least 50% and the components are bonded in a structurally dense state. The method 
comprises a process to introduce lightweight fine particles into a mold of product, optionally 
that to heat raw particles of lightweight fine particles, that to introduce a binder into the mold 
filled with lightweight fine granular bulk material, and that to solidify the binder. The composite 
material contains a core of lightweight material and a surface comprising steel, stainless steel, 
fiber laminate or plastic which surrounds completely or partly the core. 
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(71) ft® A 501369824 
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Mym 83707 /t-h *?>r— Xif— 

(74)ftSA 100064447 

#S± W« IE* W0£) 



(54) ra^w ^ss^fe££t^£*m 



(57) (^IEW) 

<d a mmmm^m^ ct om^m^t^«x^ cc t sera $ *t 

^5*- h gfcte^X?- IS=IT^± 



/* -f > ^ t ^gt^glttr* or. 

SIM, 

[ffi^3B5 ] e«ffl&#©5&ffi#. 0 . 01-30m 
m, *f«L/<ttO. 04- 16 mm, 1*CC»*0<« 

[fS^6] S«Blt4**^ 0. 040-0. 600 
kg/1, HiKttO. 040-0. 3 0 0 kg/l 
ctO' 1 5 %$m. »* L < »5 %*S|(D^ffi 

[fS5}tra9 ] afifflt4f*CD6 0 — 7 0§f%^^i5 
<D&&£WU 3 0-4 0SM%^/h^26<Dt&a^-r 
-SCi fflHtJg 8 &Cfa«&CDigStt 0 

[«sR3s i o ] &m^&<D&&ffl&i*$L*<om.m 
8 9 tetanias**. 

c »r wc ia*g(Das« Q 

^£^ft<±4>5 0§g%<h, *&g<D*»t*£ 3 5 S 

iMi^, m«9i 2 ccfatK<DaMM 0 
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2 

i2fgfr*o, *ttaoas^af*«4^-<Dit^ t /Mi 
Kosaffltatt&r ©as© 6 - 1 8 fg, d>«c < 1 4> i 

tatsoaaWo 

[titers i 5 1 cpajsogftcflirasMfflafte^ 

4. 2#>e> i 4coi»-rn^— 3Stcsaisos« 
tt. 

[»*B16] ttMPs. 4M9«±©ttK<Z># 
ttJStf* h ft 0 (*/JvttBE©«T-riBa*« 0 . 0 3 0- 
0. 1 5 OmmOffil^^) > ?gtCftf§^± 2 0%<D 
[uJ-cD^ r ^^--C«»*^S*ffi"C*)fla^I8eft«A 

it >f Xcd*£ ^cc t,> x i&fflm £ r> & c t £ <t 

t*. ts^ciai^6 6(Di>rn^— ^ccfaucoamtto 

CaO-Si0 2 -Ah 0 3 OSES^6ft^RJ:q 

[»«3H i 8 ] aamflttVftr 4/ s -*ASfc{* 

6 1 6©i»-r*i*— scciatgcDSstto 
[»#aa i9] 2 «a*fc«^-nja±©a*fflfitt*« 

30 3K9 1 6 1 8 fciattoftfi**. 

[ M^cg 2 o ] ga*ffl*4^Jl ^ «ffio*JK«5tt 
r*^c^*«mtfra, is*ai^6i6, 1 9©^ 
"rti3CP-3Hcciat8<oaaa. 
[IS*3S2 i ] ifttttt-c**). »cc 

IS*3S 1*6,20 3BCcfatS©«»*. 

IS^2 l cctaiScoaMft. 

If*ii2 2(CiBtK<DftStt. 
[fjt^JIt 2 4] ^«^-Y>^jftpIffltt***4"C*4C 

c»3R3B 2 5 ] m^mmmtK * o r s f. * y * 

u^^>, #'j*?-u>, pvc, #yr-fejr^jjj: 

tf^ffittTPyxx^^eftSSiOjSlRJfi&Cib 

*«MR<!: t Z> > »«3B 2 4 tCgetfiOSSIW. 
[Ii*ig2 6 ] iaAM>^i7Xhv--C*^C 
50 4«r«f«4Ti, IS*I12 HCia$gcoaSW D 



I 

\ 



t 



(3) 



fej: tf^ y n - > 3 a ± o & ae*» e>a« s c 4 * 

if #31 2 9 tClBtSCDgaWo 
[If ^3 1 ] Sf*U<^i»^1^6 2 8C0l^-rti 

fen r SrSS^tC * teSfcfr H 4 £ Stf C 4 4 
[ ff Ajcffi 3 2 ] etW^gilgft^ 5 5-90 
*4. 20 

gaietM* * jjnx&jBSMc* at £ m 

^tt^, 3 3 ^mm-nrn. 30 

[»*B3 7] ^-f MM. ®^ 40 

[W3J3E3 8 ] srtr— ««:aab"*-4?6«7ci> f ^ 

*Bfr* 6 J; 5 CcgfiiMffK»Q<*S8S4PigpTS c 4 £ 

M<bt5, 1**313 3^63 7 <ZH>-rft*>— JH*Cffitfc 

e»3 8cr>ci-rti^— 3accia*s©*ffi. 

[ff}3j8S4 0 ] ^«ffitCtoXl»flM£ta&*r h C 4 £ 50 
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fl^TSC4*r«rt*4T*, I»*3I3 3^64 KD^t 
M#3S3 3 frb 4 2CDC^tl^-*Jl(ClBtS©^ 0 

wffiajx«ffl®tc39Asns3rcc»ij<D5r-f ^>yr^ 

4 4 CcEK<D*ffi. 

[it*i|4 6 ] »3jc3g4 5Ccia4S©*ftw: J:-or0St 

[0 00 1] 
[0 00 2] 

TO*. ESI. Og/cm 3 *S8©<iJll5t*»KCcaB 
[000 3] 

- £ fc » uusmmti atom mtms ztxz>ct&& 

jetjaort^jrOo 

[0 00 4] 5^(C. l^^*S^a^7x7^6 



(4) 



Q&t*c t tester: $>Z m 

tit. Am^^p D ^^ti^s^^s^^6]i^ ^ a □HcDy , ^ 10 

[0005] i/^ot, «jsWK:afft*a"Cttft<^ 



[0 006 ] UfrbttftSfe. fi£*«ffi-Ctt % fci^S 

mc^fxy'^^ * -j >?mt*Wk&t z> c t «r # fti>. 
ft5fc#T£>£ 0 

[0 007 ] CO J: ^ H^WCCgSfflSt 7* 

3 h <c««fto/h 3 as Mitt** * c cc «jn ^ ti -s . 

[0 0 0 8 ] S6«C, ^^X^^^CDf^OCC^H^r 

*a»RS»so^^ -f > y i i/ r Mffl-r & c t i> fca 6 nr t, > 

StDXWtfffiffiftS' + ^*>^>^a a aft t # <DWS(ftjSD 
fiT^£±CC^* hj^r&£/t&, e»*fl!)*«:*jJ:CX 

[0 0 0 9 ] o/jot, #2fe9J©@Wtt* Riffit© 
fcc D&C4IS«:3cfflftS«tt*l8«-r £ Ctbc 
ill^I* (stationary traffic me 

a n s > to&vm&m^wfoj^tt £<Dfo<Dmmi>-$£ 50 
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[0010] 

imszmik-r z>tc&<D^&] ±&Ltcmmt> mmm 
«a*t(cj:o-c*RE3ti&. coBfitttt, eat**© 

8Bfflt4f*(D§fftB#*l>ft <i^>50 5 . 0c 

#a*t**4 * rAtifi W ic?gft tm-cm& snti^ci* 

[0 0 1 1 ] »*U<W, **WCC<fc^Sfi*t6i. 8a 
lWKM**^ft < t i> 8 0 . «f(C»* U < «4>ft < 
(b^5 0gi%Mt^ #ffe9KCcfc£8*Wtt. *Ji£E 

[0012] ««ffle<t^wa^W>^©8»{C^KKl 
Cc5££<cS»rft«, **f4ti«JSWtc|Bft fc©ccft* t 

[0013] *»wo«ttt?(Dii«aifit«. iSttttr^ 

HWCCi*3K©l4 J f--C*5 8 -€-©t4fitt0. 01-30m 
m. »*L<«0. 04-1 6mm. eiC»SU<6* 
0. 2 — 8mm-C£><5„ 

[0 0 14] ^^tCcfc-SttfittCOltttiaiKK. 8 

^>o ^Lft-<r#xtf, tt^-©*tt<conr«£OJ:9 
jwsbww < ^tiffiK wis < ft o r c a 5 <d *» 

ftt^i Lfttttitf ft?>ftc^c <t <>*&. ^«C»JK*/ctt 

<b<fcC^C<h^^^Hcft^r^5o StfSBMMrffib^ 
d: k ^»fflS*»A/ca«:««©3Bmtt/^^^»* s *X 

cn», *tt(c^©fti»sj»fa#tt^jH« 

CC, ^tt<D«Mafttft ,, C«ftIX«F (1$tCttlX^?O^M^ 

[0015] **WtC<fcSJIWS«1iHSa^0 .040 k 
b/1-0. 6 00 kg/lt'*4. »*L<B. 
Jgt3:0. 3 0 0 kg/lWT"C*S. *©Sffi©P8&^ 

[0016] ^s^fi^i, «H«l?L*Stofe©r*-pr 



(5) 



fc&jmLtcmfi&fim (closed volume 

Porosity)^$)S e — HfttC?Li*ttti>'C'h3 
<, m&Vffl&OD' 4 X<D 1 / 1 0 »*U<«1 
/5 0*SS"C** # 1$fC % 0. 2mm«T^8i<!:t^ 

[0017] sfcfSBtcteOTS* Lt>«&TiSt>3©»?B 

comr&t fyrfr l fr»*ri\ k<djkj&> 6 2 tat 1 > 
[0018] stiT-cDif x^e>©-rncc*frsEffoc 

o^TGa, t&g<£>gf (grainsize g-rou 

p) x^?o&m&&<mAx%zjjmx&zct&fr 

©ffl#&£>r&< (4-5mm, 2^3mmfei:) , ^ 

ttft«fc£ftl». 30 

[ 0 0 1 9 ] b < « k tt«!^eut«t4**«9atc: J: 

^#A£t>„ 40 
[0 020] 3 8^^«4^©SbMi£*^l* 
egCD±4%r^n^. i«l^«ffifi*«&SJE3tu ±8 

mm&± 1 0%*iBitSiffi«)rfiil«cllS*L^»6ti 

±8%. »*U<«±4%OI|ifflf4**«KCCJ:S«fltt' 

[0021] *mm&n\t, %mn&f£f&im&c% 
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0gi°/o©l-C^, iSS*V|\3«)©S^K»# («T, 
[0 02 2] ^S«RB@[(C*f-r&S3R3^g26rjlRL/C»i 

[0 02 3] 3 *>CC, 4MK>&l±_<D&& <— Jfflft^-. - 

tgO. 03 — 0. 15mm© 

[0 0 2 4] *#H8CCj:tt«, jmP n »&Sfc*««IB 

aO-S i O z -A 1 2 O a ^^jl^b^ ; &tt]X./c4>0 
[0 0 2 5 ] *Sitti, mtTto*-?* (tAl 0 

o%a 1 2 o 3 ) , yfy*- h (^Ai 00% 

y^A(Dfflf4*flBffl"rai«F*UC^ c<DJ:^ 

tttmcco^-ai, HV^fflHSDE 199 0 
9 0 7 7. 7^CCl¥fflCCKK3nrt^o 

[0 0 2 6 ] cn(c«sr4«S:«!3Mi«iieMt*«^: 1 6 

mmcDf4S"Crp|^3nr*5^, KeraGlas, Ke 
raBims, KeraPlus, KeraLigh 
t. Poraver, Li aver, Liapor, L 
e c a^J:^H ol low Spheres te£<D£m 
XA^vJmx$>2> 0 

[0027] $e»cc, taoLtfi^tt^s nM^mmhm 



(6) 



(sub-grains) LT 

££6&c}ip;t& 0 cent :/7****«t#*Tr*ffi 

<dmi< »tm £ c £ a* njtsr * 6 □ 
[0 0 2 8 ] ms&&mmwMtc. 

t o o 2 9 ] #^fcj:fttf. «a/w>^a^t» 

g$»&ttPI±«:*S^U @* (sol id body) 

3 ^ £ c <t # pjtrc & s . 30 

[0 0 30] fe9 lo(DW6JBS8CC<tntf, 

@fttt-ce*m«[cc^jpL," cn^giM (i iqu 

id state of aggregation)^ 

tt. ^w>yajw<t-rs*"c^-r>y/iffli4a^»*iii 

[0 0 3 1 ] 3*?*&»JS^W>^0^%— W«r* 
[0 0 32]»a«c^-Y>^iL/"Ctt, x#*v8M8. 

^>y n->tt}jjitti*<Dj»K{btt*f»4as*tf 6ti5o s 6 
cc s #»jtsf\ ^vti/7^> 4 ^>jxf u>, pv 

a^tmtwffl-cftsciasw^^c^^/c. 

[0 0 3 3 ] 26frC, X7Xh7^;^>^U« 
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[0 034] h»cc . ^ > 0 &g 

[0 0 3 5] /ciilt U >^C0rtiBSCD>i< 

-J^P A 6 7 7Xf ^ i^<b Itffl^t, MS 
©*S«**l«iR& £<d£*SB£#«9J&c J: *tt»a>6 

»iS^-5c<fca«pi«6"C«>i. cti^(D^r ';>yts v 

P-7 (deflection roller) i>^$£ 
[0 03 6] Wfi&eSlffla<!:^V>yi*ajR^*C 

-(0«^7^^^Sttm 7. 5N/mm 2 <Ot)ifi 
tci: *{*8%fc £©fflNRtffl?5iU fe<D*fflrtH>Ke r a 
B i msrii7t«^S5 0%T^^1 2. 5N/m 
m 2 % fi^tpfigQA^^OK e r a P 1 u s"C63:t3*r 
a>l. 5N/mm 2 t^^ £©««ffi&*SI!RT&a> 

KcfcoT, E»3&JK£— K6 7%iStf>. mottles 0 

^*m^<Dtto<D&<<D$l&lCtel*Xt>* CCD<£ 

[0037] *ifeWfcj:a«at*tt«iffffia>6* 

a>a>£nXH3:, rftyttv {7<D^Jls#<Dt%£±ktL 

x^mmwxm 1/10 <t»*yc{g< , **fc3cfBtt»n 
xwsrciw £ c <t a* pJtgT'* £ . 

[0 0 3 8] ftBUffltft : -f^X + y ^CDffitS 

W8 0gt%, ^*^?#/<Y>y©«a*2 0g 
0 0%xmJM*fcf&l>tcm&% 1 0 tTZtirTfr 

0. 8x1+0. 2X10 = 0. 8 + 2. 0 = 2. 8t' 

*^iififfii©ttix«»"c«. ##wj*fljo>4 

C i T'^Sf^S (volume formation) 

haw 2%*"CBiMsn5ct€rSft*rs. 

[0 0 3 9] ttlX^CDMSa^^CC «fc XZh ICfim 



(7) 



11 



HUB. CCMMJCJWSJWiaS. 
[0 040] fctxl^, ±JEOfcWr«, SfiSf&CDS 

a«i log/K y'^x^v ?ttn<ommzi i o o 
[oo4i] m&zmzhttfqix-zte&j&T^x msk: 

[0 042] ^36#tC <!: -o -CR< fc<7>r&£_kia<E> 
<fc 5 — Jt«ftOl%**tC^ */c 

< ffiwr * /dli^o teas & . 

[0043] ttl4»»<ott«sa6c <t o Ttf:^ < -<lr c £ 

WStiKtit (crash absorber) <b Itffl 

cw^^^^ */w>#r*ft«ifcKrfhLT l 30 
*i\ t»feii*«#ccj:or*j«snfc*ai«!rt**iW 

[0044] *9tmtc J:tt«, *«W©»Bt*«FS0&» 

-j-4(Dcci#ccaori>s. 40 

[0 04 5 ] fc<t*«:. S*»(cfcc^r, **98CCJ:^Jni 
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[0046] ft»(C. a0|K:S*-r*fi!afflO*IBWICCj: 

a it w t APei * mm r h tf>©;*:|HB cc J: a i t flf 
tilt (x>s/> v ^7ry-, n^»3>xi- 

[0047] EU Commission for V 
ehicle Safety (EEVC) "COSMBtCJ: 

■;ry-, IfX^V^ a >X b 5> b, ffeo ns^j §p 
(t^©JE««S<fc0fc^3CiJ:^36:»^*tr*-5. £>6 

j:^cctr, c<DSP»riiif*o<«ioog/ietT 
[0 048] *«jj©s«tt* c a><fc 5 a»i44 or^ij 

•rcife niter* c<7)«i;5^gt^lll/cIBc 

[0 049] *»IB<0S66Cfl6Offl^tC % 
CCSSij^ffl^U-A. At7-, Bt7-«fc8iCt7 

KT*fc«#>* * bfc£) c7>ffl®^*^^tl^o 
[0 05 0 ] 3^(C. ^J*. 3SM^. /^X, + + 

[0 05 1 ] KqB(c<fe«fiaMfi2H»mm^S< 
JBfa©-^^^* (subdecking) &i:©»Jfi 



I 
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[0 0 5 2 ] #f«B<D<* 6*Cfl&flWBjfctt, &i£©Jffl(Dffi * 
MW<D 5 6 &CffeCDJ&& <t u xM L T t, > & C £ WW h tit 

[0053] *miom>im&* mtmm&ttnzm 

[0 0 54] ftjetl-CC^cfc^CC. 18*/ctt^n«± 

w&iJt^r i o ofinsn. se>*c v ^x^v^«2 

[0 05 5 ] &&©1t^tm<bfcmjK«CC, **WCCcfc 
[0 056 ] 3 £Mft<D5fc»»ffi# 5 5-90 

6 0'crPA6*astf*r-2><b, 6%ojR^s^ai$n5 

%*^co iRMI ^UR S ft & . 

[0057] *§mici:*>m&ttmzi£< ztcmztA, 

pjflfe-c*£ 0 cft&cj:^r, =ix hS^ticcHiM-c** 

/cttT# < . at£B$Rfl& 10-2 4B$ra*»e>&#&cjg« 

6Cft4. 

[0 0 5 8 ] *ft9JCC J:4B«»*Kfrr4*ffil*KT 

©<t*>9r*4. ««c^*toxi»fflatc2SAu 
[0059] «att*««s*a«-j-*^«>(c, ®a<d* 

*m*f*©A8 
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A-T^o ttl^r, — »B*C*S&»^*iSA3tf4. >< 
[0 06 0] CftCcfiori>4©« % /cix^ ti§&, 

a^js £ tc &mmc <t r> r «sht * c i ** a * & « 
wfflr*i, ^**«T4©fci£*teii*iH**«cs 

[0 06 1 ] fc*cita©««aie (— ) &c £->r 
^**^Cc^«SftfcS«te. c©:/n-fex*gB©- 

P -fe^-C— ^CttflBCCJBJsR 5 *ifcffll»3»a» *E>ft£ 0 
[0 062] Sa©Jffltft«/^V^«*»JS^4/ci«)<D^ 

t?ftfi*ffi&€:fi6-a-T*5< C£#T#4. CftCCcfcoT 

JWt»»s*i4l6^=iT*P#* hrjinx^ffi:£Mcc 
sal, ^r±»L/fcJ:9a*ffi'c^-/>y*i«as 

[0 06 3] SMfflSfci: a > ^^r^n-eftflnx^ 

(filling front) &&m*licm&Ztl 4 

cfc^cc6M*oat4©^ft^pgs^4ct^sr*4o pi 

[0064] ^rpJriS % ;q> ^W^glMJ: 0 4> 
SKanoflgSK, /^>^SS^ft4<bJTOK*W^ 

t^t^, cft«f«a*ifs0»fcR5£3ft 

[0066] 

[0 06 7 ] #2feWC <tft«, «T©3E«ffifi^affi3 



(9) 



15 



&m 2 0 0 2 - 1 9 3 6 4 9 
16 



1 



2. 



S*ti£ 6 6% 

frgfiUM*;*; ± 6 % 

1. <D»^<fcEI«ft:3&\ 3 8 6% 

-sxtw-n xcd i / 1 o (D-x&i-zmm, 



2. (om^tmwc^ se>«c 94% 



3. 



[0 068] *89§K:J:*itf, *££#l/6-l/l 2 
C ©=&&^ Wn&fr^ © 1/6-1/18 ©ttffi 
[0069] 77^^1/1 OKJc&fi&^MCDii * 

lessee 

1. 6 6 %P 

2. 6 6%P-ti^+ 2 0%S -iKT 

3. 6 6%P-ti^+ 2 0%S 
8%T-&^ 

[0 0 70] <g»*Oo D DffCt<t ^TtfeSttfCSSfc** 
§lfflJJffP£-~C£> £ C t WW 6 *>tcfr o X (r > £ 8BH«$4 

tcKbr^ecc^u^^coii^^r-eti-en 1 /1 o<dj± 



10* £\ 



fccfc^fi^l 2 mm, 1. 2mmfc£O*0. 12 



1 frh 3 CCJ: S*^?ao5feaat 



6 6%3ftg + 3 4%7 7Xf 7^ 

8 6%;faM + 1 4%^'^X^^^ 

9 4%3S*I+6%:/^X^*e7 



20* [0 07 1 ] IT, WMm£8b<Dl&&mt*i&V 

5. Sg^fl : 1 lOg/L n*2 : 50g/ 
K ^X^y^l. 10 0&/U fflflfcrfflfiDM 
1. 00/K 77Xf7^DM1 0. 0 0 0/K 
[007 2] 
[«tl] 









(DM/f) 


1. 


447 


407 


4.06 


2. 


249 


197 


2.26 


3. 


169 


113 


1.54 



[0 073] c ct, ees&r^tr^— 

3%, ggo. lkg/im fiKKDMl. 0 0/ 

AO 

[0 07 5] *«^{C <t^«fitt©»Jfi*ia 1*^H3 

Jc^to HUt -^ts^ii-^a^2i*«^x:si 



[0 07 6] g»fflKO$ t>lC®tj;3&mi*:m2*sJ:& 
[0 07 7 ] — ^te^fc^Of— ^XS^&ttS^. 
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[oo78] aftmo^ifrtt. fcait */g£fi» 

tta^»e $ Jit l * 6 * * fc WWT * £ ffi^iHffittt 2 . 
**?8Ccj:^tt*4«:ffl^r«Ca«>Tl|3H-r4C<b^pIte 

-H4tC<fc-3TfajpI4ltttcDT*&. *5WJ 4 10 

<£><E> 0 

^SM«B*t^6ttS5te««5©«JSiC|£DT, #CC^ 

#HB6r:J:-dT©* % ffl««:«?f UT»&4K«t/** 

[0 0 8 1 ] «£7 KStffltt*ttI^Tt>*l»*&<D 

gl-2m mOBfijfflti* JBl > & C £ TEMtt7« 5 6 tc 
Jf-rciAST**. 
[0 0 8 2] «»0C, 5-6mm(D^»f,^^X 30 
%fr£0. 5 — 0. Brnm^S^tlti- -X&T-i 

UWl 1T*S. C<Z>IS**>6, *«9BCCJ:*BJ1 

»*ffli>sc±T k ^*#-c*ntf. sstttktK^cak«B 

[0 0 83] C©<fc5 0C. JfiaiffiSitl^-afOJfifiE*^ 

T\ •fvZ*? 9&WBLO$kftT-C9 U (cr 
e e p path) Oft^aS TiwMTfCT # V -^T 
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A^M3i-r^o{c v #-;^r y>y©#— jufti*©* 

5 tclEfi8BiK(Dffi»!>TiSl*2js:ftSrffll^ C <b ftsiijflicctt 

[0 08 4] $6CC. *#6IBtcJ:iSttt**fflt^5Ci 
T. *H^**fcW*p0a«±W©3BSi*x*^^iR 

[0 08 5] **98tC<fcS6«tt©x*;l/^!RjRK:j:-o 

it? a- F*IJ. SiC^iKl>ft:AmET&C&^C». 
*»WcJ:-5«*4«:ffl^Tcn6<Z)JitHffl©S«n-^ 

(buckl ing) (C»-rS3Sc^l4flDBBT«S£*<0« 
£^J:9frtt9«ftTU£:&s, Cft£ffll>Tfc*Wcr>fi 

[0 08 6 ] m6*o£&m7lz*7a- F$ffl©P-;l/ 

*lTl»ftt>r6JEOia-i^-l 2**bTC»4. cav* 

<fc4S**t6CCJ:oT?affc3ft. * Tj Ct»x.&C<b 

©rts^- i 2*tRotc>*. ccm 

[0 08 7] F U-JU, W«*/c«ffiCD«»KW0 

**9!©a««*fflC»TJK8aR*SBHr*C i*«RlttT 

IRT * * t U 5 fflj^** * S — ^T . {flBT £ £ Jf£T*p? 
«K«r««:^»^D^ atCc*W**awcJPUB6UT 
LS^tl^X^fc**. h»0^- FU- 

JI/ tc «c (D J: 5 ic^jag LRLtli^ii^ ^oStt 

<fc&«»4T»JSL/fe#-FU-^tt, W]&©«fi6. "T& 

t> ^ x * ;u df9M t mm<omm t c o w^©an8 * w * 

Tffi;^X hTg|/t-rct3&ST*SfcOT*S. 
[0 08 8108^ ^BO^ifiaiJlMfiRTMfflStlT 

^htl^, H9tt. *|feHJ6Cj:-5Batt6«:fllC»T« 
FU-JM 4*rfl*l/Tl»S. CCD^-FU- 
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torn® i 5 1 x ^«®s#®#>ris< 
im&xmm^mivmmti 6 ^ r <t * jut 

[0 089] £6&C, 010(1 /OOftflSKT^L/ 
*tl>3„ ?M!lJ<7>> * 1 6 <brtfflJ05>xJU 1 7 <b©fffl(D 10 

[oo9o]0i i« 4 SdW««cmr*»eca«- £ 

^isttBo/cJa^ H<Eun»s^» h-^stsoffecDna 20 

[ 0 0 9 1 ] H 1 2 ». *26Wk: <t^gtw©l^n 

[0 092] *«?8tc J:-S««©fltJS*f»4-ra:to*ea: 
[ 0 0 9 3 ] H 1 3 gS«<E>#>* * h 

?J£^l/Ti>£ 0 «^43c«o/ci»^K:jSi?fAtc<t^r 40 

^pa«, raauccw^r-Sxfc rgg^j sia«j (r 

e s i s t a n c e ) <h br»C«S&t£ nHfett<Z>*& 
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[009 4] c©J:5ttffiSttft:l**H4StSfer*fc» 

^znzmmmi&z-miimx'm?. mm 2 2 zmm 

WCCfie*i-&-f«c#>*y h (jtf£l/<te7*>#- 

h 2 3fcJ:af:7x>*-2 4€r^ffl»aa* 
4> -5 fc#*B«: cfc £ *>2t&? 6 0 
[0 09 5] v hifCU. ffiftSSffiofit^SWO 

(Htt^e>ft5$4A-vF2 8*, x>y>2 5*fett 

2 6 0D±^>1f X^<>^3 >X h7 * Y2 7<D±. 

h 2 3 <h:7x>#-2 4 £©fH©o&SfgK#£ 
x*^3§tftt*2 2*«SttrecRH-Ufc9. *fc»/hiS 

^SiaiWo^^ffiur »itr § c 4 & <b a £ 

[0 0 9 6] mi 8 IS, a«j^l>rgPC0^U-A^t!l2 9 
[0 09 7] H19«, *»WtC«fcSft«»6*Wf S 

m(tfiffi3 4«, &KSfc»:/7;*?7*H 

OJSl^ailS^*^ (connected shell) 
3 5fcJ;^3 6i, Elated: S eat* 6 (0=irir* 



(12) 



21 



L WT«tB 4 icHfctalf A £ <*: 5 ic L . 

[0 0 99] 02 2 tt. ^©/0«3 7^lt 
l>£ 0 CO* 4 HRK3 6CcffiftW!jnfc>£ 

<IS"C^)^ i2 2{i, ^teA-fc* ^-3 9, B-fcT 10 
7-40, ^^x#*4 1, *{*JSffi4 2fcJ:tM,- 

[0100]H24», ^^-^ffl^^Vf^U^© 
7l/-A44^l/tl^ 6 S£3fc^<£)yJb* r^Aigg 
t?ti&Ti3\ TJl'S A? U-A(E>mfi#4. 5kg£> 20 

5kgiC^71/-All*0. 99kg^rig6TC 
£#T'£6/c#>, 7 8%<Dffi$c&Cfr£ 0 
[0 1 0 1 ] H2 51*. 3i#m<Dzi>tn)- hSte*^ 

urt>So ^#co{g^^u-A4 8&ctSori^ 0 a 

reabftwntf & fetter Bm&¥t&.ir ztc&mmm 

[010213 i26, I2 7 x 128it £JS 

^I7 1/-A4 9<!:WII*W (so 1 id wo 40 

od) 5 (XDmfatxm&ztix^z. comzmmw 

2 0. 4kgt'^l ^£1*2. 5 7X0. 6 1 rat'* 
[0 103 1S6CC. 02 8it *«9B(cJ:attf4rfP 

X\ C®«<DftBt**rr#>7. 6kg«^ 0 &t£J*£ 
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[0104] fcTF, *»W«>««IIJfi*m*fflt^T»36 
pltB&KatcoL^. 2ilO<DfigOgfCD«^ffl^Tift 

mmimmtm :ftB5-6mm±4 %o>--xml+ 

mafrMfemtiL : I4K0 . 4-0. 5 mm ±4%©-^ 
-?-^ffli:/cRfgr^ (08 0mm. 1^4 0 0mm. 

2. o u ^ h^ta^> o*«flsrancc36taL^ a 

T-0§fBSl*6 4. 1 5%r*ofc. !Stt#rRIB^S 
*Ji$MM&3tf£C£«C£^T, §««*B 8. 5 0% 

[0106] #ic, jRWnycffi^^ffiffitt-TRia^aao 

^JBBPfc^Lfc. -»^il«2 2 . 5 0 
%, 2B«B$|BH*5. I^a5-p/c 0 ^Cc. W^2. 15 
»H©S»a«6€:ff-5"CSafi«:2 4. 5 0%iU ft 
HE ( 1 5 0 P a ) CDfftBTX2 . 1 5 fMfrVXm** 
^24. 4 8^S%&Cb/c ffi»aOBiifilEtc<fcaffifli 

a. 

[0107] ^Sart-CMfsHfiT* 1 5 0 °C2T* 

13 0°C) £ LXmftf&ftX&ZPAG (t5g3-5m 
Pa, ffittffcBOT Zimistc. CCTi*. 

iC6, 'H>#<Dmmmi*l 3. 3 5%t*^/c 0 3 

2. 15»f|}f^/c, cntCcfc^r, SWfi7. 0%# 

#!ESPrt» 6 CD^ KUot 1 5 0 Pa€>;ftJE£3 6 
GCttJ*.fc 0 C(7)7'at^^2. 1 OSfflff "ofc^, SI 

[0108] c<D£5icvxmctme>uwictewz>m 

0. 4 1 g/cm 3 
2%ffl^T9N/mm 2 

1 0%miTC4 0 N/mm 2 

[ 0 1 0 9 ] i:t$J?(D/c^C<:, !5j^CD^*^X^ y ^(* (P 

a 6 ) o«t4rf#6nafia^WTtc7S-r 0 

1. 13g/cm 3 
2%E^T5N/mm 2 
1 0 %Bt6X 3 8 N/mm 2 
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[02] -JfflttT. -2:EB\ 
[03] H2«:5%'rS»t©»*KBBia'C**. 

[05] 77^^>; ^ft£Kco^r<D, *$J:c^*»Wcc 

[H6] e»*ffl©S£*<3r)o-iW'«--*^rH'C*'5. 
[0 8 ] 9&K>a- K U-^*^H"C**. 

[H9] *miK**naM*mie*xwkstiittt- f 

[011] *^ocj:^@iitt^fflc^ri^313ti/c^'r 
[012] *»e8ccJ:&«jit#*ffl^rHjS3ti3ita«6 

[hi 3] v h*^-ria-c*5. 

[014] *«IB6Cj:S«aW«:ffllir»jfi3tifcatt 
[0 1 5 ] 0 1 4CC^T#>* v hO*&£<DBj?r£Sfl#* 



(13) ^200 2- 1 93 64 9 
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[0 1 6 ] 0 1 4K7n"T#>* * h©flfS©fiW*W» 

[0 1 7 ] 0 1 4CCmT#>* * F©1$5&DBBFr&SIJ# 
»fffi0<!: OT*L/c^0T&& 6 
[018] fi£*CD«M^ U-A<D^ U-A^ateTjVTB 

[019] #*W«:J:Se«**flBC*"C»Jft3nft:»PI 

io [020] ii&:e©*fttgffi***rBr&£. 

[02 1 ] #*WCJ:*B«t*fflC^iia3nfcBlfc 

[022] *««Kj:ae«i**fflc>r»js3nte^> 

[02 3] 02 ZiC^?J^m<Dffi&ftW.*m?mX$> 

[02 4] **WKJ:SB«W*fflC*TilJa3n^:eiS 
[02 5] *^W(Cj;^SM«^fflC^"Ci?3t3n/c=r> 

[026] *»wK<fcse»t*fflc»riB63nfca» 

[027] *«wcj:«e«w*ffli»riijB3nfcfi» 
tm©— w*s*-iia -c & ^ . 

[02 8] *«qa«cJ:SfSi««:flac*THifi3n/cJB» 



[01 ] 



[02] 



[03] 



[016] 





[06] 



[07] 

6 



BEST AVAILABLE COPY 



(14) 4$B8 2 0 0 2 - 1 9 3 6 4 9 



[04] [08] [017] [09] 




O 0.6 1,1 2,6 X3 4,3 6,5 13^ 16JS Z> Z3.1 3B.3 » 333 ».S 



EE&§ 1%) 



[014] [019] 




BEST AVAILABLE COPY 



(15) 2 0 0 2 - 1 9 3 

[110] [111] 





8EST AVAILABLE COPY 

(16) W200 2-1 



[020] 



[12 1 ] 




/ 



if 



! 



X 

> 



\ 



I 

I 



J J 




[M22 ] 




[023 ] 




H 



[^24] 



CH2 5 ] 
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[026] 




[^i&ffiuES] 

[fflttiB] ^FJSEl 3^1 1 ft 1 5 B (2 0 0 1 . 1 1. 

15) 

[*8BfjEl 1 
[MIESMfcSS*] 9§*IB* 
[ffliE^t^Jga^] 0 08 1 

[0 0 8 1 ] $\M7te. mmMn&tiax-x >m&<o 



[^*fc?$iE2] 

[*KE»ft31B«] 0 0 8 2 
[fi&IEWg] 

[0082]ftiiC t 5^6mm<D&T-f$^6&£— * 
ta^iO. 4-0. 5mm GM^W* 6 & £ Zl^C^ <h 

^fflc^ci-c, s*#-c*ti«, esiBis^aBj 



(51)Int.Cl / 

C 0 4 B 16/06 
20/00 

26/32 

C08K 7/02 
7A6 

C 0 8 L 101/00 
// C0 4B 111:40 



F I 

C0 4B 20/00 

26/32 

C 0 8 K 7/02 
7/16 

C 0 8 L 101/00 
C 0 4 B 111:40 
B 2 8 B 1/08 



A 
B 



D 
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F £ — A 4F100 AA17A AA19A AA20A AB03B 

AB03C AB04B AB04C /VC00A 
AK01A AK01B AK01C AK03A 
AK07A AK15A AK23A AK33A 
AK44A AK46A AK51A AK52A 
AK53A AL09A AN01A AN02A 
AP10B AP10C BA02 BAD 3 
BA10B BA10C BA42A BA44A 
CA23A DD32 DE01A DC01A 
D301A GB07 CB32 JA13A 
3B13A JB16A JL03 YYOOA 
43002 ACOH AC021 BB001 BC021 
BD031 CB001 CC031 CDOOl 
CF001 CF031 CF211 CK021 
CL001 CP031 DA066 DB006 
DE146 D3016 FA047 FA086 
FD016 FD017 CFOO GLOO 
GL01 GNOO 



